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Presentation Overview

i The gene - The protein  
i Genetic variation of CYP2C9
i In vitro and in vivo correlation 
i In vivo genotype/phenotype correlation
i Defining “metabolic status”
i Distinguishing features is different 

ethnic groups
i Summary with respect to clinical programs
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Genomic Structure for CYP2C9

Chr 10q24: P450 CYP2C Gene Cluster

*
**

* : Clinically relevant

9 Exons – spans 55kb – 490 amino acids
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DNA Homology CYP2C Gene Family
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Protein Homology CYP2C Gene Family
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Role of CYP2C9

• Primary CYP2C in liver, appr. 20% of hepatic content

• Liver microsomal monooxygenase, localized in ER

• Major role in drug metabolism with numerous 
substrates including:

• Antidiabetic therapies – glipizide, tolbutamide
• Anticonvulsants – phenytoin
• Angiotensin II receptor antagonist – losartan
• HMG CoA Reductase Inhibitor – fluvastatin
• NSAIDs 
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Allele Effect of Change Protein Function

CYP2C9*1 Wild Type Active Enzyme
CYP2C9*2 Arg144Cys Intermediate
CYP2C9*3 Ile359Leu Higher Km/altered 

Vmax

CYP2C9*4 Ile359Thr
CYP2C9*5 Asp360Glu
CYP2C9*6 DelAden818 Lack of function

Leu208Val
T/C transition Intron 2

Coding Variation of CYP2C9

Most 
Common
Variants

Rare
Variants
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Arg144Cys

Ile359Leu
Ile359Thr
Asp360Glu

Warfarin

Heme

Williams et al (2003) Nature Vol 424:464

Structure of CYP2C9

9
Reviewed in Miners and Birkett (1998) Br J Clin Pharmacol 45: 525-538.

Demonstration of CYP2C9 Activity in vivo and in vitro 

Human Liver 
Microsomes 

and 
Recombinant 

CYP2C9
Demonstrate 
Specificity for 

Phenytonin and 
Tolbutamine 
Metabolism
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Demonstration of CYP2C9 *1 and *3 in vitro Activity

CYP2C9*1

CYP2C9*3

CYP2C9*1

CYP2C9*3

Haining et al (1996) Arch Biochem Biophys 333: 447-458.

CYP2C9 *3 
reduced        
6- and 7-

hydroxylation 
of S-warfarin
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Altered Kinetic Properties of CYP2C9 *3

Takanashi et al (2000) Pharmacogenetics 10: 95-104.
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Summary of In vitro Studies

CYP2C9 allelic variants exhibit differing affinity (Km) and/or 
instrinsic clearance (Vmax/Km) for differing substrates

CYP2C9*2
- impaired 6-/7- hydroxylation of s-warfarin
- small if any effect in Vmax for tolbutamide
- no effect on methyl hydroxylation of torsemide

CYP2C9*3
- reduced catalytic activity across all CYP2C9 substrates
- lower maximium catalytic rate and/or lower affinity for s-warfarin, 

tolbutamide, phenytoin
- *3 homozygotes possess significant impairment in substrate 

metabolism

Examples:
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Warfarin Studies Demonstrate In vivo 
Genotype Effects

Higashi et al. (2002) JAMA 287: 1690-1698.
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CYP2C9 Genotypes and Clinical Outcomes

Higashi et al. (2002) JAMA 287: 1690-1698.

•CYP2C9 gene variation has potential to influence over 
anticoagulation and bleeding events

•Caucasians and Asians exhibit differing maintenance doses  

15
Xie et al (2001) Annu. Rev. Pharmacol. Toxicol. 41: 815-850.

Ethnic Distribution of CYP2C9 *2 and *3 Variants
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16Shintani et al (2001) Clin Pharmacol Ther 70:175-82.

Variations in CYP2C9 Regulatory Region

Regulatory 
region 
variation may 
contribute to 
metabolism 
heterogeneity
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Functional Characterization of Regulatory Variation

Shintani et al (2001) Clin Pharmacol Ther 70:175-82.
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Summary and Clinical Implications

• CYP2C9 represents the predominant CYP2C protein in liver

• CYP2C9 substrates can be identified through in vitro
assessments 

• Functional genetic variants within the CYP2C9 coding region 
(*2, *3) may be critical to assess in clinical studies 
involving CYP2C substrates

• *2 and *3 alleles appear to ascertain the major gene 
variation, however, outliers could be examined for rare 
alleles including *4, *5, *6 or through comprehensive 
gene resequencing to identify novel gene variants

•5’ promoter variation may contribute additional human 
genetic heterogeneity


